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SYSTEMAND METHOD FOR SORTING 
DSSMLAR MATERALS 

RELATED APPLICATIONS 

The patent application claims priority under 35 U.S.C. 
S119 to U.S. Provisional Patent Application No. 60/878,856, 
entitled Method and Apparatus for Sorting Dissimilar Mate 
rials, filed Jan. 5, 2007, the complete disclosure of which is 
hereby fully incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to systems and methods for sorting 
dissimilar materials. More particularly, this invention relates 
to systems and methods for employing electromagnetic radia 
tion and imaging systems to distinguish between dissimilar 
materials. 

BACKGROUND OF THE INVENTION 

Recycling of waste materials is highly desirable from many 
viewpoints, not the least of which are financial and ecologi 
cal. Properly sorted recyclable materials can often be sold for 
significant revenue. Many of the more valuable recyclable 
materials do not biodegrade within a short period, and so their 
recycling significantly reduces the strain on local landfills and 
ultimately the environment. 

Typically, waste streams are composed of a variety of types 
of waste materials. One such waste stream is generated from 
the recovery and recycling of automobiles or other large 
machinery and appliances. Other waste streams may include 
electronic components, building components, or other indus 
trial waste streams. These materials are generally of value 
only when they have been separated into like-type materials. 
However, in many instances, no cost-effective methods are 
available to effectively sort waste streams that contain diverse 
materials. This deficiency has been particularly true for non 
ferrous materials, and particularly for non-metallic materials, 
Such as high density plastics, and non-ferrous metals, includ 
ing copper wiring. For example, one approach to recycling 
plastics has been to station a number of laborers along a 
sorting line, each of whom manually sorts through shredded 
waste and manually selects the desired recyclables from the 
sorting line. This approach is not Sustainable in most econom 
ics since the labor cost component is too high. Also, while 
ferrous recycling has been automated for Some time, mainly 
through the use of magnets, this technique plainly is ineffec 
tive for sorting non-ferrous materials. Again, labor-intensive 
manual processing has been employed to recover wiring and 
other non-ferrous metal materials. Because of the cost of 
labor, many of these manual processes are conducted in other 
countries and transporting the materials to and from these 
countries adds to the cost. 
A variety of plastics may be contained within a waste 

stream. Some such plastics include polypropylene (PP); poly 
ethylene (PE); acrylonitrile butadiene styrene (ABS); poly 
styrene (PS), including high impact polystyrene (HIPS), and 
polyvinyl chloride (PVC). Other materials, such as wood, 
rubber, and foam may be present. Typically, these materials 
are less valuable, and ultimately make up the waste materials 
from the recovery process. Of course, in some cases, these 
materials may be recovered as useful depending on the appli 
cation. 
Many processes for identifying and separating materials 

are know in the art. However, not all processes are efficient for 
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2 
recovering plastics and non-ferrous metals and the sequenc 
ing of these processes is one factor in developing a cost 
effective recovery process. 
Some materials absorb electromagnetic energy, such as 

microwave or radio wave energy, in a process called dielectric 
heating. Some molecules are electric dipoles, meaning that 
they have a positive charge at one end and a negative charge at 
the other. The most common dipole molecule is water. When 
exposed to microwaves or radio waves these dipoles rotate as 
they try to align themselves with the alternating electric field 
induced by the microwave or radio wave beam. This molecu 
lar movement creates heat as the rotating molecules hit other 
molecules and put them into motion. For example, materials 
that tend to heat when exposed to microwaves include wood, 
rubber and foam. In contrast, other materials such as plastics 
are not heated when exposed to microwave radiation. 

Fluorescent dyes have been used as tracers, such as to 
detect liquid leaks or identify the location of an object (the 
military uses fluorescent dyes to mark the location of a 
downed airplane in a body of water). When exposed to ultra 
violet (UV) light or light of other wavelengths, these dyes 
fluoresce, indicating the presence of the dye. As such, porous 
materials could absorb dye-bearing liquid and UV light could 
be used to detect the presence of this liquid in the pores of the 
material. Wood, rubber, and foam would be examples of 
porous materials, while plastics and metals would typically 
not be porous. 

In view of the foregoing, a need exists for cost-effective, 
efficient methods and systems for Sorting materials, such as 
materials seen in a recycling process, including plastics and 
metals, in a manner that facilitates revenue recovery while 
also reducing landfill. Such methods and systems may 
employ electromagnetic radiation or fluorescent dyes to dis 
tinguish the plastics and metals from other materials, such as 
wood, rubber, and foam. 

SUMMARY OF THE INVENTION 

The present invention provides systems and methods for 
employing electromagnetic radiation and imaging systems to 
distinguish between dissimilar materials. In one aspect of the 
invention, a system for sorting objects is provided. The sys 
tem includes an electromagnetic radiation Source; a thermal 
imaging camera, able to capture a thermal image of objects 
irradiated with the electromagnetic radiation source; a com 
puter, connected to the thermal imaging camera and able to 
evaluate the thermal image captured by the thermal imaging 
camera; and a sorter, connected to the computer and able to 
divert one or more of the objects. 

In another aspect of the invention, a system for sorting 
objects is provided. The system includes a sprayer, able to 
apply a liquid, which includes a carrier liquid and a dye, on 
objects; a light Source, able to illuminate the objects, where 
the dye fluoresces when illuminated by the light source: an 
imaging camera, able to capture a fluorescent image of the 
objects that fluoresce when illuminated by the light source: a 
computer, connected to the imaging camera and able to evalu 
ate the image captured by the imaging camera; and a sorter, 
connected to the computer and able to divert one or more of 
the objects. 

In yet another aspect of the invention, a method for sorting 
materials is provided. The method includes the steps of a) 
placing objects on a conveyor, b) irradiating the objects with 
electromagnetic radiation, where a portion of the objects 
increase in temperature in response to the irradiation; c) cap 
turing athermal image of the irradiated objects; d) evaluating 
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the thermal image; and e) triggering a sorter in response to the 
evaluation to divert one or more of the objects. 

In yet another aspect of the invention, a method for sorting 
materials is provided. The method includes the steps of a) 
illuminating objects with a light Source, where a portion of the 
objects include a dye that fluoresces when illuminated by the 
light source; b) capturing a fluorescent image of the objects; 
c) evaluating the fluorescent image; and d) triggering a sorter 
in response to the evaluation to divert one or more of the 
objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts an electromagnetic energy sorting system in 
accordance with an exemplary embodiment of the present 
invention. 

FIG.2 depicts dissimilar materials on a conveyance system 
in accordance with an exemplary embodiment of the present 
invention. 

FIG. 3 depicts an air sorter in accordance with an exem 
plary embodiment of the present invention. 

FIG. 4 depicts an ultraviolet radiation sorting system in 
accordance with an exemplary embodiment of the present 
invention. 

FIG. 5 depicts a process flow for separating dissimilar 
materials using microwaves inaccordance with an exemplary 
embodiment of the present invention. 

FIG. 6 depicts a process flow for separating dissimilar 
materials using fluorescent dyes in accordance with an exem 
plary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

Exemplary embodiments of the present invention provide 
systems and methods for Sorting dissimilar materials, such as 
sorting plastics from wood, foam, or rubber. These systems 
and methods employ either dielectric heating or fluorescent 
dye absorption characteristics of materials to distinguish the 
materials. The systems and methods may employ differential 
dielectric heating and thermal imaging to sort wood, rubber, 
and foam, from plastic, metals, and other materials that do not 
undergo dielectric heating. Similarly, systems and methods 
may employ the greater liquid absorption properties of wood, 
rubber, and foam as compared to plastic. The dissimilar mate 
rials are subjected to fluorescent dye and carrier liquid, that is 
differentially absorbed by objects. Fluorescent imaging can 
be used to distinguish the materials. In either case, a com 
puter-controlled system can be used to sort material types 
based on an evaluation of the thermal or fluorescent image. 

FIG. 1 depicts an electromagnetic energy sorting system 
100 in accordance with an exemplary embodiment of the 
present invention. Referring to FIG. 1, an electromagnetic 
radiation Source, such as a microwave source 110, irradiates 
material on a conveyance system. A conveyer belt 120 
receives materials to be sorted, such as objects 131, 132,133. 

Microwaves are electromagnetic waves that have a fre 
quency of about 2450 MHz and a wavelength of about 12.24 
cm. The microwave source 110 may be either a solid state 
device or a vacuum-tube based device. Microwaves can be 
generated using integrated circuits, which are often called 
MMIC (Monolithic Microwave Integrated Circuits). They are 
usually manufactured using gallium arsenide (GaAs) wafers, 
though silicon germanium (SiGe) and heavy-dope silicon are 
increasingly used. Solid State microwave devices are based on 
semiconductors include field effect transistors (FETs), bipo 
lar junction transistors (BJTs), Gunn diodes, and IMPATT 
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4 
diodes. Specialized versions of standard transistors have been 
developed for higher speed, which are commonly used in 
microwave applications. Microwave variations of BJTs 
include heterojunction bipolar transistors (HBT), and micro 
wave variants of FETs include MESFET, HEMT, and 
LDMOS transistors. In contrast to solid state devices, vacuum 
tube devices operate on the ballistic motion of electrons in a 
vacuum under the influence of controlling electric or mag 
netic fields, and include the magnetron, klystron, traveling 
wave tube (TWT), and gyrotron. These vacuum devices work 
in the density modulated mode, rather than the current modu 
lated mode. The depth of penetration of microwaves in an 
object is dependent upon the objects composition and the 
microwave frequency. Lower microwave frequencies pen 
etrate deeper into the materials. In this exemplary embodi 
ment, the materials to be sorted are irradiated with microwave 
radiation Such that materials comprising dipole molecules 
increase in temperature, with this increase proportional to the 
amount of dipole molecules present in the material and the 
ability of the microwave to penetrate the materials. 

Other electromagnetic radiation, Such as radio waves, can 
be used to heat objects containing dipole molecules. 
The materials to be sorted, such as objects 131, 132, 133, 

may be shredder residue from shredding automobiles, large 
consumer appliances, electronics, or other waste material. 
This shredder residue may be pre-processed to remove spe 
cific types of materials. Also, before the material is sent to the 
conveyance system, Such as conveyer belt 120, the material 
may be reduced in size. 
An additional pre-processing step may include stabilizing 

the moisture content of the material before it is sent to the 
conveyance system. First, the material is subjected to a 
humidifier or mister. The humidifier or mister exposes the 
material to moisture. So, wood and other porous materials 
would absorb the water. Then, the material is subjected to a 
dryer, such as a fluidized bed drier. This drying process will 
remove the moisture from the Surface of the non-porous mate 
rials, such as plastic, but not from the porous materials, such 
as wood. As such, the non-plastic materials would have a 
greater water content and experience greater dielectric heat 
ing when Subjected to the microwave irradiation. Although 
this pre-processing step may have some benefit to the overall 
process, especially if the porous materials are extremely dry, 
this step is not necessary. 

For illustration purposes, FIG. 1 depicts the materials to be 
sorted with two patterns. For example, the object 131 is 
depicted with a cross-hatch pattern and represents wood, 
foam, or rubber. Object 132 is depicted with a solid black 
pattern and represents plastic. These depictions are for illus 
tration purposes and are not meant to indicate that the mate 
rials are sorted based on their color or appearance. 
The conveyance system of this exemplary embodiment 

includes two conveyers, conveyer belt 120 and conveyer belt 
125. Conveyerbelt 120 receives the materials to be sorted and 
passes the materials under the microwave source 110 and a 
thermal imaging camera 150 and an optical camera 155. In 
this exemplary embodiment, the conveyerbelt 120 preferably 
moves continuously. In an alternative embodiment, the con 
veyer belt 120 may move such that the materials move in a 
batch-wise manner. Such as first stopping under the micro 
wave source 110 and then stopping under the thermal imaging 
camera 150 and the optical camera 155. Some material is 
transferred to the conveyer belt 125 and transported to a box 
145. Other materials are sorted to a box 140. The operation of 
the thermal imaging camera 150 and the optical camera 155 
and the Subsequent sorting process are discussed below. 
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After the microwave source 110 irradiates the materials to 
be sorted, the materials continue to the thermal imaging cam 
era 150 and the optical camera 155. The thermal imaging 
camera 150 captures a thermal image of the material. A ther 
mal imaging camera detects infrared radiation in a manner 5 
similar to how an optical camera detects visible light to create 
an image. In the case of the thermal imaging camera, the 
resulting image shows the varying intensity of infrared radia 
tion emanating from the objects whose image the camera 
captures. Infrared radiation is given off by objects radiating 10 
heat. The warmer the object, the more infrared radiation 
emanating from that object. A resulting thermal image depicts 
the varying level of heat emanating from the object. Typically, 
the warmer the object, the brighter the image of that object is. 
Any one of a large variety of commercially-available thermal 15 
imaging systems can be employed in the system 100. 
The optical camera 155 works in conjunction with the 

thermal imaging camera 150 to capture an image of objects 
being assessed by the thermal imaging camera 150. The 
image from the optical camera 155 would be similar to the 20 
image taken from a normal camera, which is based on cap 
turing visible light. The image from the optical camera 155 
can be used to Support the Sorting process, as described below. 
The captured thermal image is processed by a computer 

160. The computer 160 includes software that can interpret 25 
the thermal image captured by the thermal imaging camera 
150 and distinguish objects based on the image. Thermal 
imaging systems can detect differences in temperature of just 
a few degrees, but accuracy in the Sorting process increases 
with greater temperature differentials. 30 

The image from the optical camera 155 can be used to 
specifically identify the location of plastics or other type of 
material that is not heated by microwave radiation. For 
example, if the materials to be sorted include wood, rubber, 
foam, and plastic, the thermal image captured by the thermal 35 
imaging camera 150 and the optical image captured by the 
optical camera 155 can be processed such that the objects 
identified with in the thermal image can be subtracted from 
the image from the optical camera 155. The resulting image 
depicts the locations of plastic objects. The optical camera 40 
155 is not necessary to the system and materials may be sorted 
based on the thermal image alone. 

The computer 160 controls a sorter 170. In this exemplary 
embodiment, the sorter 170 includes an array of air jets. 
Compressed air for the air jets is provided by a compressor 45 
175. The computer 160 tracks the location of the objects on 
the conveyor belt 120 and triggers one or more air jets on the 
sorter 170. For example, the system 100 is configured to 
divert plastic into box 140. The computer 160 determines that 
object 134 is a piece of plastic. When the object 134 reaches 50 
the end of the conveyor belt 120 and begins to fall, the com 
puter 160 signals one or more air jets on the sorter 170 to 
actuate and direct the object 134 into the box 140 rather than 
fall onto the conveyor belt 125. To further illustrate this pro 
cess, object 136 represents a piece of foam. As it moved to the 55 
end of conveyor belt 120, the computer 160, determining that 
the object 136 was a piece of foam, did not actuate any air jets. 
The object 136 fell from conveyor belt 120 to conveyor belt 
125, which then carries the object 136 to the box 145, similar 
to object 137. In comparison, an object 135 represents a piece 60 
of plastic that was diverted to the box 140 by the sorter 170. 

Other conveyor systems could be used. For example, the 
conveyor belt 125 could be omitted and the box 145 posi 
tioned such that objects fell into the box 145 when they fell 
from the conveyor belt 120 but were not redirected by the 65 
sorter 170. Similarly, wood, foam, and rubber objects may be 
diverted by the sorter 170 while plastic objects are not acted 

6 
upon by the sorter 170. Also, one or both of the containers 
140, 145 could be omitted and the materials could be con 
veyed to a Subsequent process step. 

FIG.2 depicts dissimilar materials on a conveyance system 
200 in accordance with an exemplary embodiment of the 
present invention. Referring to FIGS. 1 and 2, a conveyor belt 
210 moves objects, such as shredder residue consisting of 
wood, plastic, rubber, foam, and metal. The conveyance sys 
tem 200 illustrates a portion of the overall conveyance sys 
tem. For example, the system 200 may also include one or 
more components (not shown) that deliver material to be 
sorted to the conveyor belt 210 and one or more components 
(not shown) that remove material after it leaves the conveyor 
belt 210. 

For purposes of this discussion, the objects move from the 
left side of the page to the right side. As with FIG. 1, for 
illustration purposes, FIG. 2 depicts the materials to be sorted 
with two patterns. For example, the object 241 is depicted 
with a cross-hatch pattern and represents wood, foam, or 
rubber. Object 242 is depicted with a solid black pattern and 
represents plastic. These depictions are for illustration pur 
poses and are not meant to indicate that the materials are 
Sorted based on their color or appearance. Similarly, although 
the objects are depicted as regular shapes, the objects to be 
Sorted typically would have irregular shapes. 
A region 220, depicted by a dash-lined box, represents the 

area on the conveyor belt 210 where objects, such as objects 
241, 242, are irradiated with microwave radiation, such as by 
microwave source 110. As the conveyor belt 210 continues to 
move, the objects move into a region 230. This region repre 
sents the region'seen” by an imaging system, such as thermal 
imaging camera 150 and optical camera 155. For example, an 
image captured by the thermal imaging camera 150 would 
'see' a wood object, such as object 244, as a brighter object 
than a plastic object, such as object 243. Again, this distinc 
tion in the image is because wood is heated by microwave 
energy to a greater degree than plastic. A thermal image 
depicts the warmer material as a brighter image. 
When exposed to the microwave radiation, wood, rubber, 

and foam pieces that may be on the conveyor belt absorb the 
microwave radiation and are heated through dielectric heat 
ing. The plastic pieces on the conveyor belt are not heated by 
the microwaves. The exposure time and microwave energy 
are both adjustable. The exposure time can be controlled by 
the speed of the conveyor belt and the area of the conveyor 
belt that is exposed to microwave radiation. The magnitude of 
microwave energy that is applied to the mixed pieces will also 
change the dielectric heating rate of the materials. 
As the objects move to the end of the conveyor belt 210, the 

objects are tracked Such that they may be acted upon. For 
example, in an embodiment that diverts plastic objects with a 
sorter, such as sorter 170, the object 245 would be acted upon 
by the sorter 170 as it falls off the end of the conveyor belt 210. 

FIG. 3 depicts an air sorter 300 in accordance with an 
exemplary embodiment of the present invention. Referring to 
FIGS. 1 and 3, the air sorter 300 includes a housing 310 and 
multiple air jets, such as air jet 320. In an exemplary embodi 
ment, 64 air jets are included in the air sorter 300, with a pitch 
(that is, the distance 350) of 9 millimeters. The length of the 
air sorter 300 would encompass the width of a conveyance 
system, such as conveyor belt 120. The air sorter 300 delivers 
compressed air at a sufficient Velocity to deflect an object as it 
reaches the end of the conveyor. For example, an imaging 
system may detect an object to deflect, such as a piece of 
plastic. As the object reaches the end of the conveyor, one or 
more air jets are actuated to deflect the object with a burs of 
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air. For example, a piece of plastic moving along the center of 
the conveyor belt 120 may be deflected into a container by 
actuating air jet 320. 

In some cases, multiple air jets may be actuated to deflect 
a given object, based on the size of the object. For example, 
the sorting system may cause air jets 330 and 340 to be 
actuated to act on an object that is wide enough to be acted 
upon by the two jets. As many air jets as necessary to deflect 
an object may be used. Also, if multiple objects to be deflected 
reach the end of the conveyor at the same time, multiple air 
jets could be actuated, with each object aligned with one or 
more air jets. 

FIG. 4 depicts an ultraviolet radiation sorting system 400 in 
accordance with an exemplary embodiment of the present 
invention. Referring to FIG. 4, a sprayer 410 is operable to 
spray dye and carrier liquid onto objects that move along a 
conveyer system, including conveyor belt 420. The dye fluo 
resces when subjected to ultraviolet (UV) light or other light. 
This commercially-available dye may be in different forms 
and different colors. Typically, the dye is prepared using 
water or another carrier liquid that can be sprayed on the 
objects. 
The dye and carrier liquid are absorbed into the pores of an 

object. As such, the more porous a material, the more likely 
that the liquid will be absorbed by the object. Wood, rubber, 
and foam are more porous than plastic and will preferentially 
absorb the dye and carrier liquid. FIG. 4 depicts the materials 
to be sorted with two patterns. For example, the object 431 is 
depicted with a cross-hatch pattern and represents wood, 
foam, or rubber. Object 432 is depicted with a solid black 
pattern and represents plastic. These depictions are for illus 
tration purposes and are not meant to indicate that the mate 
rials are sorted based on their color or appearance. 
As the objects move on the conveyor belt 420, they encoun 

ter a dryer 415. The dryer 415 removes excess liquid from the 
objects. This excess liquid would be dye and carrier liquid 
that has not been absorbed into pores of the object. For 
example, as object 433 (a piece of foam) moves under the 
dryer 415, liquid on the surface of the object 433 is removed, 
but any liquid in the pores of object 433 remains. The dryer 
415 may be a convection dryer, that moves air over the object 
to evaporate the liquid. This air may be heated. Alternatively, 
the dryer 415 may be a radiant heat dryer, that evaporates the 
liquid using radiant heat. 
The speed of the conveyor belt 420 is optimized based on 

the application of the dye and carrier liquid on objects and the 
removal of excess liquid. In an alternative embodiment, dye 
may be applied to objects before they are added to the con 
veyor belt 420, such as by immersing the objects in the dye 
and carrier liquid. Similarly, in this alternative embodiment, 
excess liquid may be removed before the objects are added to 
the conveyor belt 420. 
UV light source 418 illuminates objects on the conveyor 

belt 420, such as object 433. The wavelength of light emitted 
by the UV light source 418 corresponds to the properties of 
the dye chosen. That is, different dyes fluoresce when 
exposed to different wavelengths of light. Indeed, some dyes 
fluoresce under visible light and a visible light dye could be 
used, with the light source emitting visible light instead of UV 
light. 
A fluorescent imaging camera 450 detects the fluoresce 

emitted by objects that retain dye and carrier liquid within 
their pores. As such, the fluorescent imaging camera 450 can 
capture images of porous objects, such as wood, rubber, and 
foam. Plastic or metal objects would not fluoresce. The fluo 
rescent imaging camera 450 would not detect the presence of 
plastic or metal objects. 
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8 
An optical camera 455 works in conjunction with the fluo 

rescent imaging camera 450 to capture an image of objects 
being assessed by the fluorescent imaging camera 450. The 
image from the optical camera 455 would be similar to the 
image taken from a normal camera, which is based on cap 
turing visible light. The image from the optical camera 455 
can be used to Support the Sorting process, as described below. 
The captured fluorescent image is processed by a computer 

460. The computer 460 includes software that can interpret 
the image captured by the fluorescent imaging camera 450 
and distinguish objects based on the image. UV imaging 
systems detect the fluorescence from the UV dye. 
The image from the optical camera 455 can be used to 

specifically identify the location of plastics or other type of 
material that does not absorb the dye and carrier liquid. For 
example, if the materials to be sorted include wood, rubber, 
foam, and plastic, the image captured by the fluorescent 
imaging camera 450 and the optical image captured by the 
optical camera 455 can be processed such that the objects 
identified with in the fluorescent image can be subtracted 
from the image from the optical camera 455. The resulting 
image depicts the locations of plastic or other nonporous 
objects. The optical camera 455 is not necessary to the system 
and materials may be sorted based on the image captured by 
the fluorescent imaging camera 450 alone. 
The computer 460 controls a sorter 470. In this exemplary 

embodiment, the Sorter is an array of air jets. Compressed air 
for the air jets is provided by a compressor 475. The computer 
460 tracks the location of the objects on the conveyor belt 420 
and triggers one or more air jets on the sorter 470. For 
example, the system 400 is configured to divert plastic into 
box 440. The computer 460 determines that object 434 is a 
piece of plastic. When the object 434 reaches the end of the 
conveyor belt 420 and begins to fall, the computer 460 signals 
one or more air jets on the sorter 470 to actuate and direct the 
object 434 into the box 440 rather than fall onto the conveyor 
belt 425. To further illustrate this process, object 436 repre 
sents a piece of foam. As it moved to the end of conveyor belt 
420, the computer 460, determining that the object 436 was a 
piece of foam, did not actuate any air jets. The object 436 fell 
from conveyor belt 420 to conveyor belt 425, which then 
carries the object 436 to the box 445, similar to object 437. In 
comparison, an object 435 represents a piece of plastic that 
was diverted to the box 440 by the sorter 470. 

Other conveyor systems could be used. For example, the 
conveyor belt 425 could be omitted and the box 445 posi 
tioned such that objects fell into the box 445 when they fell 
from the conveyor belt 420 but were not redirected by the 
sorter 470. Similarly, wood, foam, and rubber objects may be 
diverted by the sorter 470 while plastic objects are not acted 
upon by the sorter 470. Also, one or both of the containers 
440, 445 could be omitted and the materials could be con 
veyed to a Subsequent process step. 
FIG.5 depicts a process flow 500 for separating dissimilar 

materials using microwaves in accordance with an exemplary 
embodiment of the present invention. Referring to FIGS. 1 
and 5, at step 510 material, such as shredder residue, is pre 
pared and placed on a conveyor System, such as conveyor belt 
120. Of course, the material to be sorted may be something 
other than shredder residue. In preparing the material, it may 
be sized to a specific size range. Also, the material may be 
pre-processed, that is, Subjected to other operations that sepa 
rate certain materials, such as metals, from the waste stream. 
An additional pre-processing step may include stabilizing the 
moisture content of the material before it is sent to the con 
Veyance system, as discussed above in connection with FIG. 
1. In this pre-processing step, the material is subjected to a 
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humidifier or mister, to expose the material to moisture. Then, 
the material is subjected to a dryer, which removes the mois 
ture from the Surface of the non-porous materials, such as 
plastic, but not from the porous materials, such as wood. 
Again, although this pre-processing step may have some ben 
efit to the overall process by increasing the dielectric heating 
of Some materials, this step is not necessary. 

At step 520, the microwave source 110 irradiates the shred 
der residue with microwave radiation. Alternatively, radio 
wave radiation may be used. At step 530, the thermal imaging 
camera 150 and optical camera 155 capture a thermal image 
and actual image of irradiated material as it moves on con 
veyor belt 120, respectfully. 

At step 540, the computer 160 evaluates the thermal image 
and actual image. This evaluation identifies the location of 
materials on the conveyor belt 120 that were heated as a result 
of the irradiation step, step 520. This evaluation may also 
identify the location of materials on the conveyor belt 120 that 
were not heated. This latter evaluation may be accomplished 
by subtracting the location information determined from the 
thermal image from the location information in the actual 
image. The resulting objects would be those objects unaf 
fected by the microwave heating. As discussed above, the 
optical camera 155 could be omitted from the process and the 
actual image not captured. In that case, the evaluation step 
540 would identify the location on the conveyor belt 120 of 
objects that were heated by the microwave radiation only. 

At step 550, the computer 160 would trigger the sorter 170, 
as necessary, to divert specific objects into a container or 
secondary conveyance system. For example, the computer 
160 may cause air jets of the sorter 170 to actuate, which 
diverts objects, such as plastic or wood objects, into a con 
tainer or secondary conveyance system. This secondary con 
Veyance system may move the objects to a Subsequent pro 
CCSS, 

FIG. 6 depicts a process flow 600 for separating dissimilar 
materials using fluorescent dyes in accordance with an exem 
plary embodiment of the present invention. Referring to 
FIGS. 4 and 6, at step 610 material, such as shredder residue, 
is prepared and placed on a conveyor system, such as con 
veyor belt 420. Of course, the material to be sorted may be 
Something other than shredder residue. In preparing the mate 
rial, it may be sized to a specific size range. Also, the material 
may be pre-processed, that is, Subjected to other operations 
that separate certain materials, such as metals, from the waste 
Stream. 

At step 620, the sprayer 410 sprays the shredder residue 
objects with optical dye. This dye may fluoresce under UV or 
visible light. At step 630, the dryer 425 removes residual 
liquid, leaving dye and carrier liquid in the pores of the 
sprayed objects. Alternatively, steps 620 and 630 may be 
performed prior to the material being placed on the conveyor 
belt 420. For example, the shredder residue may be immersed 
in the dye and carrier liquid, then the excess liquid removed 
before being transferred to conveyor belt 420. 

At step 640, the fluorescent imaging camera 450 and opti 
cal camera 455 capture a fluorescence image and actual image 
of objects as they move on conveyor belt 420, respectfully. As 
part of this step, the objects are illuminated with light. If a UV 
fluorescent dye is used, then the objects are illuminated with 
UV light. Similarly, if a visible light fluorescent dye is used, 
then the objects are illuminated with visible light. The fluo 
rescent imaging camera 450 captures the fluorescence from 
the dye that is absorbed in the pores of porous objects. 

At step 650, the computer 460 evaluates the fluorescent 
image and actual image. This evaluation identifies the loca 
tion of materials on the conveyor belt 420 that absorbeddye as 
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10 
a result of the spraying step, step 620. This evaluation may 
also identify the location of materials on the conveyor belt 
420 that do not fluoresce. This latter evaluation may be 
accomplished by Subtracting the location information deter 
mined from the fluorescent image from the location informa 
tion in the actual image. The resulting objects would be those 
objects that did not absorb the dye and carrier liquid. As 
discussed above, the optical camera 455 could be omitted 
from the process and the actual image not captured. In that 
case, the evaluation step 650 would identify the location on 
the conveyor belt 420 of objects that fluoresce. 
At step 660, the computer 460 would trigger the sorter 470, 

as necessary, to divert specific objects into a container or 
secondary conveyance system. For example, the computer 
460 may cause air jets of the sorter 470 to actuate, which 
diverts objects, such as plastic or wood objects, into a con 
tainer or secondary conveyance system. This secondary con 
Veyance system may move the objects to a Subsequent pro 
CCSS, 

One of ordinary skill in the art would appreciate that the 
present invention provides systems and methods for sorting 
dissimilar materials, such as sorting plastics from wood, 
foam, or rubber. These systems and methods employ either 
dielectric heating or fluorescent dye absorption characteris 
tics of materials to distinguish the materials. The systems and 
methods may employ differential dielectric heating and ther 
mal imaging to sort wood, rubber, and foam, from plastic, 
metals, and other materials that do not undergo dielectric 
heating. Similarly, systems and methods may employ the 
greater liquid absorption properties of wood, rubber, and 
foam as compared to plastic. The dissimilar materials are 
subjected to fluorescent dye and carrier liquid, that is differ 
entially absorbed by objects. Fluorescent imaging can be used 
to distinguish the materials. In either case, a computer-con 
trolled system can be used to sort material types based on an 
evaluation of the thermal or fluorescent image. 
What is claimed is: 
1. A system for Sorting a plurality of objects within a waste 

stream comprising: 
the waste stream comprising porous and non-porous 

objects, wherein the non-porous objects comprise plas 
tic objects and the porous objects comprise at least one 
of wood and rubber; 

an electromagnetic radiation Source; 
a water source for adding water to the plurality of objects, 

wherein at least some of the porous objects absorb some 
of the water; 

a dryer for removing water from the surface of the non 
porous objects; 

a thermal image captured by a thermal imaging camera, 
wherein the thermal image comprises differentiated 
images based in part on water absorbed by porous 
objects; 

a computer, logically connected to the thermal imaging 
camera and operable to evaluate the thermal image cap 
tured by the thermal imaging camera; and 

a sorter, logically connected to the computer and operable 
to divert one or more of the plurality of objects. 

2. The system of claim 1, further comprising a conveyor, 
operable to move the plurality of objects from the electro 
magnetic radiation source to the sorter. 

3. The system of claim 1 further comprising an optical 
camera, operable to capture an actual image of the plurality of 
objects and further operable to communicate that image to the 
computer. 

4. The system of claim 3 wherein the computer is further 
operable to process both the thermal image and the actual 
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image to identify objects that are identifiable on the actual 
image but are not identifiable on the thermal image. 

5. The system of claim 1 wherein the objects comprise 
plastic material. 

6. The system of claim 1 wherein the electromagnetic 
radiation source comprises a microwave source. 

7. The system of claim 1 wherein the sorter comprises an 
air sorter, operable to respond to the computer to actuate one 
or more air jets to divert one or more of the plurality of to 
objects. 

8. A method for sorting a plurality of objects comprising 
porous and non-porous objects, the method comprising the 
steps of: 

a) adding water to the plurality of objects, wherein the 15 
porous objects comprise at least one of wood and rubber 
and absorb at least some of the added water; 

b) removing water from the Surface of the non-porous 
objects; 

c) placing the plurality of objects on a conveyor; 
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d) irradiating the plurality of objects with electromagnetic 

radiation, wherein a portion of the plurality of objects 
increase in temperature in response to the irradiation; 

e) capturing a thermal image of the irradiated plurality of 
objects; 

f) evaluating the thermal image; and 
g) triggering a sorter in response to the evaluation to divert 

one or more of the plurality of objects, wherein the 
evaluation identifies porous objects based in part on the 
water absorbed by the porous objects. 

9. The method of claim 8 further comprising the step of 
capturing an actual image of the plurality of objects when the 
thermal image is captured, wherein step e) includes evaluat 
ing both the thermal image and the actual image. 

10. The method of claim 8 wherein the electromagnetic 
radiation comprises microwave radiation. 

11. The method of claim 8 wherein the sorter comprises an 
air sorter and the step e) comprises actuating one or more air 
jets of the air sorter to divert one or more of the plurality of 
objects. 


